Introduction {#Sec1}
============

One consequence of group living is that individuals have to interact frequently with other group members. Such interactions can be either aggressive or affiliative, and researchers have shown great interest in both types (Huntingford and Turner [@CR20]). The extent to which males and females engage in (same-sex) social interactions often differs dramatically, and scientists generally consider sexual differences in sociality as the result of competitive regimes to be the driving factor in the evolution of the social systems and dispersal patterns (Isbell and Young [@CR21]; Sterck *et al*. [@CR47]; van Schaik [@CR52]; Wrangham [@CR65]). Traditionally, researchers have attributed the link between dispersal patterns and the strength of intrasexual relationships (Harcourt and Stewart [@CR16]; Smuts [@CR45]; Wrangham [@CR65]) to advantages arising from kin selection (Hamilton [@CR15]), i.e., the benefits to both social partners can be enhanced if they are related to each other (Greenwood [@CR14]; Waser [@CR55]). Because philopatric individuals are more likely to be closely related, strong social bonds occur primarily between members of the philopatric sex. Further, the extended presence of the social partner over time is more reliable in the philopatric sex so that the philopatric sex is probably more likely to gain long-term benefits than the dispersing sex (Clutton-Brock [@CR7]).

Overall, intergroup dispersal patterns seem to predict well intrasexual relationships among nonhuman primates: strong social bonds between females occur in many male-dispersing primates: macaques (*Macaca mulatta*: Kapsalis and Berman [@CR23]), vervets (*Cercophitecus aethiops*: Seyfarth [@CR42]), capuchins (*Cebus capucinus*: Perry [@CR38]), savannah baboons (*Papio cynocephalus ursinus*: Seyfarth [@CR41]; Silk *et al*. [@CR44]), and gelada baboons (*Theropithecus gelada:* Dunbar [@CR8]). In the few species in which females disperse and males remain in their natal communities stronger bonds often occur between males: red colobus (*Colobus badius*: Struhsaker and Leland [@CR48], cf. Starin [@CR46]), chimpanzees (*Pan troglodytes*: Goodall [@CR13]; Watts [@CR56],[@CR57]) and hamadryas baboons (*Papio hamadryas*: Kummer [@CR25], *cf.* Swedell [@CR51]). Thus, most primate societies seem to conform to the general predictions of the models of evolution of primate social organization (Sterck *et al*. [@CR47]). However, the models also predict that there are only weak or no bonds between the members of the dispersing sex, which seems to be an oversimplification. Some exceptions are the female howlers (Pope [@CR39]) and bonobos (Hohmann *et al*. [@CR19]; Kano [@CR22]; Parish and De Waal [@CR36]), which form strong bonds, though they disperse from their natal groups.

Chimpanzees (*Pan troglodytes*) have been reported to generally fit the model, in that they show strong social bonds between the philopatric males and only weak social relations among the dispersing females (Arnold and Whiten [@CR3]; Goodall [@CR13]; Nishida [@CR33]; Wrangham *et al*. [@CR67]). However, as more data on female chimpanzee sociality accumulate, it has become evident that their social behavior varies considerably between study sites (Boesch and Boesch-Achermann [@CR5]; Fawcett [@CR9]; Wakefield [@CR54]; Williams *et al*. [@CR61]). Findings from several East African chimpanzee study sites such as Gombe (Goodall [@CR13]: Williams *et al*. [@CR61]), Kibale (Wrangham *et al*. [@CR67]), and Mahale (Kawanaka [@CR24]) are generally in line with the view of low female sociality, but reports from other populations suggest that females may be far more social than previously reported (Boesch and Boesch-Achermann [@CR5]; Fawcett [@CR9]; Ghiglieri [@CR11]; Wakefield [@CR54]), thereby contradicting the generally assumed link between dispersal patterns and sociality. Sex differences in social behavior should arise if the advantages gained through that behavior are much higher in one sex than in the other. In chimpanzees, where males defend the community home range, have clear linear dominance hierarchies, and obtain the highest reproductive success when dominant (Boesch and Boesch-Achermann [@CR5]; Nishida *et al*. [@CR35]; Watts and Mitani [@CR60]; Williams *et al*. [@CR63]), they are expected to also profit strongly from cooperation and alliances. Conversely, females compete primarily over food and may avoid each other in order to reduce competition. However, recent studies suggest that chimpanzee females can experience strong competition, which could favor the formation of social bonds among them. For example, findings from Gombe indicate that female rank and female competition for space, and presumably food, are important determinants of female reproductive success (Williams *et al*. [@CR63], [@CR62]), though strong social bonds between unrelated females did not occur (Williams *et al*. [@CR61]). Taï chimpanzee females possess a linear dominance hierarchy (Wittig and Boesch [@CR64]), cooperate to obtain access to monopolizable food sources (Boesch and Boesch-Achermann [@CR5]; Wittig, *pers. comm*.), and effectively support males in their fights for dominance and take part in home range defense activities (Boesch and Boesch-Achermann [@CR5]). Thus, having cooperative partners or allies should be important for both male and female chimpanzees. Further, the assumption that kin selection is a major driving force for social behavior in chimpanzees is weakened by recent findings: average relatedness between chimpanzee males is not significantly higher than it is between females (Vigilant *et al*. [@CR53], cf. Morin *et al*. [@CR31]) and males do not seem to cooperate preferentially with related partners (Mitani *et al*. [@CR29]). Thus, the observed patterns of intrasexual affiliation/cooperation in chimpanzees appear to be driven by factors other than kinship (Parish and De Waal [@CR36]; Williams *et al*. [@CR61]), and it seems evident that, contrary to the notion of their asocial behavior, chimpanzee females could benefit from sociality.

We analyzed the extent to which a group of West African chimpanzees studied for \>10 yr exhibit sexual differences in social behavior. Specifically, we tested if the often reported generalizations about chimpanzee sociality hold for Taï chimpanzees: 1) males spend most of their time in parties, while females are mostly alone, 2) males have a higher dyadic association index than females, and 3) males invest more into grooming relationships than females do.

Methods {#Sec2}
=======

Study Site and Data Collection {#Sec3}
------------------------------

The Taï National Park, Côte d'Ivoire, West Africa, comprises an area of *ca.* 4540 km^2^ and consists of evergreen lowland rain forest (Boesch and Boesch-Achermann [@CR5]). Our data are from the North community, habituated in 1979, which researchers and field assistants have since observed continuously. From 1992 onwards, we carried out daily focal individual follows (Altmann [@CR1]), and field assistants, Honora Néné Kpazahi and Grégoire Kohou Nohon, continuously collected data on party size and composition, ranging behavior, and social interactions of the target individual on checksheets. We usually followed targets from the first activity in the morning to nesting at night or as long as possible (mean ± standard deviation of daily observation time: 9.7 ± 2.1 h). We usually located targets by either following their vocalizations or by choosing a different member of a nesting party from a known location, aiming at following all adult individuals at least once per month. Data provided here encompass ≤10 yr, from January 1992 to December 2001, during which community size decreased steadily, leading to an increasingly female-biased sex ratio (Table [I](#Tab1){ref-type="table"}). We observed each chimpanzee included into subsequent analyses for 13.4 ± 7.5 (mean ± SD) d/yr. The large SD value is due to the decrease in community size, i.e., when the community became smaller we could follow each individual more often. We collected a total of 515 follows on males and 1447 follows on females. We chose targets in a semirandomized way, with the condition of following each adult individual at least once per month. Because there is no datum on male follows for 1993 and 1994, data on male-male interactions are based on 8 yr of observation only, excluding 1993/94. However, we could still calculate dyadic association indices for the full 10-yr period for both sexes because they are based purely on the presence or absence of individuals in parties. Because Taï chimpanzees often move in large, mixed-sex parties, we observed males sufficiently frequently to calculate association indices also for 1993 and 1994 (Boesch and Boesch-Achermann [@CR5]; Muroyama and Sugiyama [@CR32]). Table IOverview of number of adult and adolescent males and females present at the end of each year 1992199319941995199619971998199920002001Male6 + 34 + 32 + 12 + 12 + 11 + 12 + 11 + 11 + 11 + 1Female15 + 216 + 311 + 211 + 210 + 211 + 211 + 17 + 07 + 16 + 2Com. size42413133333131222321Com. size = community size. The first number refers to adult individuals while the second number refers to adolescent individuals.

Data Analysis {#Sec4}
-------------

Via Microsoft Access 1997 we entered all behavioral data into Taï-Chimp-BehaveBase, our large chimpanzee behavior database, and analyzed them on a yearly basis. We included only data from adolescent and adult individuals ≥10 yr.

**Party composition** We analyzed data on party composition for 10 yr of observation for females (1992--2001) and 8 yr of observation for males (1992 and 1995--2001). A party comprises all individuals within visibility of the target chimpanzee. The observer moves around the party to ensure this. We noted each change of party composition and calculated the duration of each party. We excluded parties for which we could not identify all individuals. For each individual (Table [I](#Tab1){ref-type="table"}) we calculated the percentage of observation time per year that it spent in 1 of the following party types: single-sex, mixed-sex, or lone individuals, which includes mothers traveling only with their offspring irrespective of the age of the offspring. Because the sex ratio, which ultimately influences party composition, changed between years, we averaged individual values per year and sex for further analysis. Using yearly values allowed us to reduce the interdependence of data problem, which presents a difficulty when analyzing data of short time periods (Pepper *et al*. [@CR37]).

**Grooming interactions** We analyzed data on grooming interactions for 9 yr of observation for females (1993--2001) and 7 yr of observation for males (1995--2001). We recorded only grooming interactions lasting \>1 min. We treated mutual grooming as 2 grooming events, 1 for A grooms B and 1 for B grooms A. We excluded mother-offspring grooming. We defined 3 grooming categories: male-male, female-female, and mixed-sex. We further subdivided mixed-sex grooming into female-male grooming if the actor was female and male-female grooming if the actor was male. For each category we calculated grooming frequencies and average grooming bout length per individual and year. A grooming bout ended when the actor stopped grooming for \>30 s. We calculated frequencies for each chimpanzee as the number of grooming events per h of focal observation time. Because grooming frequencies are highly dependent on the number of available partners, we compared the observed frequencies with expected frequencies per category based on the average community composition per year, assuming an even distribution of grooming events across all dyads. We calculated grooming bout length as the average grooming duration per category and individual in a given year.

Community size and composition can affect grooming behavior, so that sex differences might be due to differences in demographic variables. Most chimpanzee communities have a highly female-biased sex ratio and females might simply not have enough time to groom all available same-sex partners. For males, which usually have fewer same-sex partners available, time constraints may be less strong. Thus, females, could, e.g., reduce the time they invest in each grooming session to increase their number of grooming partners, which in turn might result in shorter grooming bout length. Alternatively, females could concentrate on fewer partners. We wanted to know if male and female chimpanzees generally differ in the number of same-sex partners they groom or if the reported differences in grooming behavior can be a consequence of differing numbers of same-sex partners. Therefore, we counted the number of same-sex partners that were groomed during each year of observation relative to the number of partners available. Because observation time for females differed between individuals and because an increase in observation time may result in an increase of grooming partners, the data for females represent minimum numbers of grooming partner. One can consider estimates for males as accurate because observation time was usually higher and males usually groomed all other same-sex partners within the community, thereby reaching the maximum number of partners. Because the number of adult males in Taї is too low to allow us to compare the number of grooming partners for males and females under similar conditions, we also included all published data on chimpanzee same-sex grooming partner numbers. This increased the variability of available partners, especially in males, and allowed us to compare number of grooming partners for males and females when similar numbers of partners were available for both sexes.

**Social dyadic association index (sDAI)** We calculated dyadic association indices from party membership data for 10 yr of observation (1992--2001). We excluded the generally high sDAIs between mothers and offspring. The index measures the proportion of time that individuals A and B spend together in the same party as compared to the time they spend apart but together with other individuals (Cairns and Schwager [@CR6]). We calculated it as follows: $$\documentclass[12pt]{minimal}
\usepackage{amsmath}
\usepackage{wasysym} 
\usepackage{amsfonts} 
\usepackage{amssymb} 
\usepackage{amsbsy}
\usepackage{mathrsfs}
\usepackage{upgreek}
\setlength{\oddsidemargin}{-69pt}
\begin{document}$${\text{sDAI = }}\frac{{{\text{social}}\;{\text{time}}_{{\text{A + B}}\;{\text{together}}} }}{{{\text{social}}\;{\text{time}}_{{\text{A}}\;{\text{without}}\;{\text{B}}} \;{\text{ + }}\;{\text{social}}\;{\text{time}}_{{\text{B}}\;{\text{without}}\;{\text{A}}} \;{\text{ + }}\;{\text{social}}\;{\text{time}}_{{\text{A + B}}\;{\text{together}}} }}$$\end{document}$$Contrary to previous uses of the DAI, we included only the social time, i.e., the time not spent alone, of each individual to account for individual differences in their tendency to socialize (Pepper *et al*. [@CR37]). We calculated values for each dyad and averaged them for male-male, female-female, and mixed-sex dyads on a yearly basis.

Because chimpanzee communities are usually female-biased, average DAI values might be masking existing strong female-female relationships: assuming that chimpanzees cannot maintain close associations with all community members, there will be a higher number of loose associations in the more abundant sex, which in turn reduces the average value, even if a small proportion of the associations are very strong. In the less abundant sex, the same number of high DAI values will have a stronger influence on the average as there are proportionally fewer loose associations. Thus, even if both sexes have some close associates, the higher proportion of loosely associated dyads will reduce average sDAI values in the more abundant sex, i.e., in females, which may lead to the described sexual difference in average sDAI. To investigate if similar strong same-sex associations exist in both sexes, we compared maximum sDAI values per year for each of the 3 classes. The comparison indicates if female associations generally can reach the same strength as male associations and therefore demonstrates more accurately the potential of male and female chimpanzees to form strong social bonds without being confounded by the aforementioned disadvantages when using averages.

Statistical Analyses {#Sec5}
--------------------

Because we were interested only in overall sexual differences over the entire 10 yr, we treated each year as an independent datum and compared means across years per class. This is justified by the fact that community size and composition ---and thereby the social environment for each individual--- changed dramatically across years and the majority of the individuals present in 1992 did not contribute to the data in 2001. Because changes of absolute values per year might be a consequence of changes in community size (e.g., a general increase of sDAI owing to a decrease in community size) and composition, we used primarily more conservative nonparametric statistics, using rank values rather than absolute values, thereby reducing the effects due to general changes in absolute levels. Because sample size is relatively small, all *p*-values are exact. All tests are 2-tailed and significance level is *p* \< 0.05. We compared groups via Kruskal-Wallis test, Mann-Whitney *U*-test (MWUT), or Wilcoxon signed rank test (WSRT). We used Pearson correlation to analyze the effects of demographic changes on party composition.

To examine whether the sexes differ in number of grooming partners depending on how many partners are available, we tested if the slopes of the regression lines differed significantly (Zar [@CR69]). Because the relationship between partners groomed and partners available is not linear but is expected to reach an asymptote with increasing number of available partners, we log-transformed the data, which allowed us to use a linear regression model for the statistics. However, because we derived data not only from our own study but also from the literature, one needs to evaluate the comparison with care because observational protocols vary among study sites.

Results {#Sec6}
=======

Party Composition {#Sec7}
-----------------

Males spent most of their time in mixed parties (mean ± SD: 71% ± 11.5%, *n* = 8), while females spent equal time in mixed parties (mean ± SD: 41% ± 8.6%, *n* = 8) and all-female parties (mean ± SD: 40% ± 11.3%, *n* = 8; Fig. [1](#Fig1){ref-type="fig"}). Members of both sexes were rarely alone, as evident from the significantly lower percentage of time spent alone versus time spent in any other party type within each sex (MWUT, males, *n*~1/2~ = 8: *U*~mixed~ = 0/*U*~uni~ = 20, *p*~mixed~ = 0.001/*p*~uni~ = 0.208, females, *n*~1/2~ = 10: *U*~mixed~ = 0/*U*~uni~ = 2, *p*~mixed&uni~ = 0.000). However, in terms of sexual differences, statistical analysis reveals that males spent significantly more time than females in mixed sex parties (MWUT, *U* = 1, *p* = 0.001, *n*~1/2~ = 10/8) and significantly less time in unisex parties (MWUT, *U* = 4, *p* = 0.001, *n*~1/2~ = 10/8) or alone (MWUT, *U* = 17, *p* = 0.41, *n*~1/2~ = 10/8). While the amount of time spent in mixed-sex parties is, in the case of the males, dependent on community composition, i.e., the number of partners available within each category (Table [II](#Tab2){ref-type="table"}), time spent alone does not correlate significantly with any of the demographic variables for either males or females (Table [II](#Tab2){ref-type="table"}). Because we encountered individuals regularly (even more so when community size was low) and did not normally locate targets via acoustics, we believe that there is no strong bias toward observing more social individuals. The fact that time alone remained fairly constant throughout time, despite decreasing community size, supports this inference. Fig. 1Mean percentage of total observation time male and female chimpanzees spent either alone (or with their dependent offspring in the case of females), in single-sex parties or in mixed sex parties. Values are averages across 8 and 10 yr of observation, respectively.Table IICorrelations of demographic variables and party composition for male and female chimpanzees FemalesMalesAloneUnisexMixedAloneUnisexMixedCommunity size*r*--0.239--0.349--0.3540.2480.488--0.791\**p*0.5060.3220.3160.5530.2190.019*N*101010888Adult females*r*--0.3900.424--0.2960.3660.213--0.585*p*0.2650.2230.4060.3730.6130.128*N*101010888Adult males*r*0.1110.003--0.1340.0840.622--.828\**p*0.7610.9940.7120.8440.1000.011*N*101010888All adults*r*--0.1790.230--0.2530.1990.568--0.842\**p*0.6210.5230.4800.6360.1420.009*N*101010888*r* = Pearson's correlation coefficients; *p* = *p*-values; and *N* = number of years for various party types and demographic variables. Asterisks indicate significant results.

Grooming Interactions {#Sec8}
---------------------

Based on overall grooming frequencies, females groomed significantly less than expected (WSRT *z* = --2.31, *p* = 0.02, *n* = 9), mixed-sex grooming frequencies did not differ from expected values (WSRT, *z* = --0.652, *p* = 0.57, *n* = 9) and males groomed significantly more often than expected (WSRT *z* = --2.37, *p* = 0.016, *n* = 7; Fig. [2](#Fig2){ref-type="fig"}). Further, males had significantly higher overall grooming frequencies than females (WSRT, *z* = --2.2, *p* = 0.031, *n* = 7) and than mixed-sex dyads (WSRT, *z* = --2.03, *p* = 0.047, *n* = 7), while female grooming rates did not differ significantly from those of mixed-sex dyads (WSRT, *z* = --1.007, *p* = 0.359, *n* = 9). There is also a sexual difference in the amount of time invested in grooming: on average, females groomed actively for shorter periods than males did, i.e., male grooming bouts lasted longer than female grooming bouts (Kruskal-Wallis: χ^2^ = 9.93 df = 3 *p* \< 0.02; posthoc MWUT: f-f/m-m *U* = 12, *n*~1/2~ = 9/7, *p* = 0.042; f-m/m-m *U* = 10, *n*~1/2~ = 9/7, *p* = 0.023; f-f/m-f *U* = 18, *n*~1/2~ = 9/9, *p* = 0.05; f-m/m-f *U* = 14, *n*~1/2~ = 9/9, *p* = 0.019), indicating that they generally spent more time grooming their partners than females did (Fig. [3](#Fig3){ref-type="fig"}). Fig. 2Observed and expected grooming frequencies for female-female, mixed sex, and male-male grooming dyads. Values are averages across individuals and years ± standard deviations; asterisks indicate significant differences.Fig. 3Average grooming bout duration for different actor-receiver dyads. Error bars are standard errors across the 10 yr of observation. All sexual differences are significant.

Figure [4](#Fig4){ref-type="fig"} contains the mean number of same-sex grooming partners in relation to the number of available same-sex partners using data from Taï and from published findings from other study sites. For Taï, we depict 1 value per year, because the number of available partners changed across years. Males and females groom a similar number of partners when we control for the number of partners available (comparison of regression slopes: *n* = 32, df = 28, *t* = --0.212, n.s.). A possible underestimation for females grooming partners due to shorter observation times versus that for males therefore favors our argument that males and females do not differ in the number of partners groomed when controlling for the number of available partners. Fig. 4Average number of same-sex grooming partners for male and female chimpanzees within and across study sites, depending on the number of partners available. There is no significant sexual difference. Data from the Taï North community are depicted as simple filled symbols (like those in the legend), while data from other study sites are marked with an additional white cross (for females) or with a black plus (for males). We derived the data from Muroyama and Sugiyama ([@CR32]) for Gombe, Bossou, and Mahale; from Watts [@CR56] for Ngogo; from Arnold and Whiten ([@CR3]) for Budongo; and from Lehmann and Boesch (*unpublished data*) for Taï South and Middle. Numbers in parentheses refer to the number of data points at the respective place.

Social Dyadic Association Index {#Sec9}
-------------------------------

Average sDAI differs significantly between the sexes (Kruskal-Wallis: χ^2^ = 7.53, df = 2, *p* = 0.025). It is significantly higher in male dyads compared to mixed-sex (MWUT, *U* = 18, *p* = 0.016, *n*~1/2~ = 10/10) and female dyads (MWUT, *U* = 21, *p* = 0.028, *n*~1/2~ = 10/10). There is no significant difference between females and mixed-sex dyads (MWUT, *U* = 44, *p* = 0.65, *n*~1/2~ = 10/10), indicating that females associate with each other to the same extent as with males (Fig. [5](#Fig5){ref-type="fig"}a). However, maximum sDAIs reveal that both males and females can have favored association partners with which they reach very high sDAIs. Though the overall sex difference is significant (Kruskal-Wallis: χ^2^ = 11.08, df = 2, *p* = 0.004), this is due to the significantly lower sDAI of mixed-sex dyads versus unisex dyads (males: MWUT, *U* = 21, *p* = 0.028, *n*~1/2~ = 10/10; females: MWUT, *U* = 4, *p* = 0.001, *n*~1/2~ = 10/10), indicating that no association between the sexes reached the same extent as same-sex associations did. There is no significant difference in maximum sDAIs between males and females (MWUT, *U* = 50, *p* = 1, *n*~1/2~ = 10/10). A typical social network of the Taï chimpanzees based on their sDAIs in 1993 is in Fig. [6](#Fig6){ref-type="fig"}a and b. The strongest associations (sDAI 0.5--1; thickest lines in Fig. [6](#Fig6){ref-type="fig"}a) are those between mothers and their adolescent sons (Fan-Mar and Git-Gip) and those between certain unrelated female dyads/triads (Bij-Mys-Pou, Ven-Her, Lou-Cho, whereas Cho is an adolescent female whose mother was Lou's closest association partner before her death). Only at the next level do associations between pairs of males occur (sDAI 0.30--0.49; dashed lines in Fig. [6](#Fig6){ref-type="fig"}a), followed by further same-sex and mixed-sex associations on the lowest level (0.15 and 0.29; thin lines, Fig. [6](#Fig6){ref-type="fig"}b). Thus, interfemale relationships are among the strongest relations within the community. Fig. 5(**a**) Average social dyadic association index for female, male, and mixed-sex dyads with standard deviation across 10 yr of observation. Asterisks indicate significant differences. (**b**) Maximum value of the social dyadic association index for female, male, and mixed-sex dyads with standard deviation across 10 yr of observation. Asterisks indicate significant differences.Fig. 6Sociogram of all Taï chimpanzees \>10 yr of age in 1993, based on social dyadic association indices (sDAI). Males are represented as black triangles, females as gray circles. Thickness of lines represents the strength of dyadic association with thick lines (**a**) depicting all associations between 0.50 and 1, dashed lines (a) depicting sDAIs between 0.30 and 0.49, and thin lines (**b**) depicting sDAIs between 0.15 and 0.29. Classification follows Goodall ([@CR13]). Relationships between mothers and their adolescent sons and females and an adopted daughter are marked.

Discussion {#Sec10}
==========

Compared to our knowledge of male chimpanzee sociality little is known about female social relationships. Our data support the previous findings that males and females clearly differ in some measures of sociality (Goodall [@CR13]; Nishida [@CR34]; Wrangham [@CR66]): males are alone less often, groom each other more often and for longer spans, and generally have a higher average sDAI. The observations are compatible with predictions derived from dispersal patterns and kin selection theory and some models of primate social evolution (Isbell and Young [@CR21]; Sterck *et al*. [@CR47]; van Schaik [@CR52]; Wrangham [@CR65]). However, despite the clear and significant sexual differences, our data also demonstrate that Taï chimpanzee females cannot be regarded as an asocial sex. They show a high degree of sociality: spending 82% of their time in parties with other individuals, often other adult females (Fig. [1](#Fig1){ref-type="fig"}), establishing grooming relationships with a number of same-sex partners comparable to males, and having similarly high sDAIs, indicating that some females form strong associations with other females (Boesch and Boesch-Achermann [@CR5]).

If females in Taï are highly social, why have other researchers concluded that chimpanzee females are generally asocial? First, most chimpanzee studies were concentrated on male behavior (Arnold and Whiten [@CR3]; Furuichi and Ihobe [@CR10]; Mitani *et al*. [@CR29], [@CR30]; Nishida [@CR34];Watts [@CR56],[@CR57], [@CR58]; Watts *et al*. [@CR59]), and observations on females were often a side product when they were observed in association with males (Arnold and Whiten [@CR3]), which may generally lead to an underestimation of female sociality. Further, females are often difficult to habituate, so that their sociality may be observed only much later, after all females are well habituated to the presence of humans. However, as more researchers concentrate on chimpanzee female social relationships (Fawcett [@CR9]; Williams *et al*. [@CR61]), evidence increases that they can display relatively high degrees of social behavior (Fawcett [@CR9]; Matsumoto-Oda [@CR28]; Sugiyama [@CR49]; Sugiyama and Koman [@CR50]). Third, the notion of asocial females is usually based on the parameters for which we also found significant sexual differences. However, because many chimpanzee communities have a largely biased sex ratio it may be more revealing to calculate the actual degree of sexual differences, rather than to analyze whether average values differ, and to increase the number of parameters to measure sociality. In communities with highly biased sex ratios, it may not be a good approach to compare only average values of affiliative behaviors because of the stronger dilution effect in the more abundant sex. Thus, simply analyzing averages may distort the overall picture by underestimating the degree of sociality in the more frequent sex.

A second reason why researchers have not found high sociality for all female chimpanzees might be that grouping patterns themselves are highly dependent on group size and composition (Lehmann and Boesch [@CR26]) as well as on ecological parameters (Anderson *et al*. [@CR2]) and the resulting levels of intrasexual competition. Socio-ecological models predict that sociality is high when intrasexual competition is high (Sterck *et al*. [@CR47]), though some others have suggested that the reverse should be true, i.e., strong competition within 1 sex leads to weak social relationships between same-sex individuals (Hemelrijk and Luteijn [@CR18]). Intense feeding competition among chimpanzees may lead to high costs of social behavior, so that chimpanzees, which suffer less predation risk than smaller monkeys do, will reduce competition by staying more solitary or only with their dependent offspring. However, some researchers have hypothesized that high contest competition actually favors strong social bonds, so that individuals form coalitions and cooperate to defend resources. Chimpanzee males may face strong competition over reproduction, leading to the generally observed high level of sociality among males, while females experience mainly feeding competition, the extent of which may differ between sites. Females in Taï may face stronger competition than females at other study sites do, leading to the observed pattern of sociality. Wittig and Boesch ([@CR64]) have shown that, contrary to other chimpanzee populations, Taï chimpanzee females form linear hierarchies, which usually is regarded to be a mechanism to reduce high levels of competition. Thus, though the Taï National Park in general may be a relatively rich environment with low food competition, especially when compared to Gombe, Taї chimpanzee females may still experience high intrasexual levels of competition (Wittig and Boesch [@CR64]). But it remains open whether this is a consequence of high levels of sociality due to, e.g., high predation pressure or clumped food resources or the cause of the nature of female relationships, assuming that sociality has other major fitness consequences apart from reducing food competition. Recently, Silk *et al*. ([@CR43]) showed that socially well-integrated female baboons have higher infant survival, demonstrating for the first time the adaptive value of sociality, independent of other parameters such as dominance rank and environmental factors. One can hypothesize that sociality has a similar beneficial effect in other species, including chimpanzees. In favor of this are observations of cases wherein a mother that had a young offspring died while her offspring survived: her offspring was "adopted" by the mothers' closest or second to closest association partner (*n* = 4 of 5 cases). More direct additional benefits of long-term associations between individual females may lie in socialization of offspring (Williams *et al*. [@CR61]) or in support during aggressive interactions, which might be particularly important for females if they have a linear dominance hierarchy (Boesch and Boesch-Achermann [@CR5]; Wittig and Boesch [@CR64]) and if reproductive success is linked to dominance (Pusey *et al*. [@CR40]).

A similar variation in female sociality has been reported by Starin ([@CR46]) for red colobus, and by Lusseau *et al*. ([@CR27]) for bottlenose dolphins, though here kin relationships are not yet clear, so that high levels of association could potentially be due to alliances between kin, which is not the case in Taï chimpanzees. Researchers have usually attributed sexual differences in chimpanzee sociality to the presumed high degree of relatedness between males as compared to females; however, the hypothesis has been weakened since Vigilant *et al*. ([@CR53]) showed that males on average are not more closely related than females. Further, data from Kanyawara, Ngogo, and Taï indicate that it is not primarily related dyads that cooperate with each other, and levels of relatedness do not predict levels of cooperation between males in wild chimpanzee communities (Boesch *et al*. [@CR4]; Goldberg and Wrangham [@CR12]; Mitani *et al*. [@CR29]). Similarly, in female bonobos relatedness is a poor predictor of the formation of social bonds (Hashimoto *et al*. [@CR17]). Thus, sociality is not strictly governed by relatedness, and one cannot always explain the existence of social bonds via kin-selection and dispersal patterns. Further, chimpanzees are long-lived and both males and females spent their entire adult lives in 1 community (secondary dispersal is rare), with both sexes having (linear) dominance hierarchies, so one should expect them to benefit in a similar way from social interactions and cooperation. Like males, females could use the help of allies to climb in the hierarchy and to gain access to resources, especially when female reproductive success is linked to female dominance (Pusey *et al*. [@CR40]). However, sexual differences in sociality have been described for all chimpanzee communities studied (Boesch and Boesch-Achermann [@CR5]; Fawcett [@CR9]; Goodall [@CR13]; Matsumoto-Oda [@CR28]; Wrangham and Smuts [@CR68]; Wrangham *et al*. [@CR67]), indicating that males may gain more from the behaviors or that levels of intrasexual competition are different (presumably also depending on sex ratios), thereby leading to different behavioral outcomes. In addition, male and female social affiliations might have fundamentally different functions. While females form long-term bonds that can last over many years (up to 6 consecutive years: Boesch and Boesch-Achermann [@CR5]), males seem to have more frequently changing association partners (Lehmann and Boesch, *unpubl. data*), suggesting that close association partners for males may be more influenced by intragroup politics while females form long-term bonds with other females which often (but not necessarily) have same-aged offspring.

Our finding of high female sociality despite significant sexual differences has strong implications for recent models of primate evolution of sociality (Isbell and Young [@CR21]; Sterck *et al*. [@CR47]; van Schaik [@CR52]; Wrangham [@CR65]), which are all based on the assumption that females experience levels of competition that are high enough to favor the development of strong social bonds only in female-philopatric species. For species with female dispersal, most authors conclude that female social relationships and hierarchies should be generally weak or nonexistent, and chimpanzees have repeatedly been classified as dispersal egalitarian (Isbell and Young [@CR21]; van Schaik [@CR52]; Sterck *et al*. [@CR47]; Wrangham [@CR65]). However, as more data on female relationships accumulate, it becomes evident that chimpanzee female sociality can vary dramatically between populations, indicating that one cannot easily use the classification systems on a species level. One should consider a reclassification of chimpanzees alongside an extension of the models to accommodate variability in social behaviour accurately (*cf*. Williams *et al*. [@CR61]). Life-history parameters, such as a long life within a stable community after dispersal, female dominance hierarchies, and long periods of infant dependency seem to favor female social relationships, as in chimpanzees and bonobos (Kano [@CR22]).

In summary, our study adds to the growing body of evidence that sociality in primates is not always explained by patterns of relatedness and kin selection theory. We have shown that although significant sexual differences in sociality exist, there is high sociality in both sexes, and the notion of the asocial chimpanzee female has to be revised because female associations can be among the strongest in the chimpanzee social network (Fig. [6](#Fig6){ref-type="fig"}). Our data suggest that in chimpanzees adult females can be very social but that the degree of sociality varies between study sites. Existing models of primate sociality should therefore incorporate the possibility that the dispersing sex can also have refined social relationships.
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